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© Code division multiplex system. 

© A code division multiplex system for use in a 
spread spectrum communication system utilizes 
selectable length spread spectrum spreading code 
sequences. At the encoder (22), one of a plurality of 
a spread spectrum spreading code sequences hav- 
ing a given fixed length is selected for differential 
encoding in accordance with the input data to be 
transmitted. At the receiver correlator (30-32) a 
selectable length differential decoder is set to* be 
responsive to a spread spectrum spreading code 
sequence having a length substantially equal to the 
length of the encoded spread spectrum spreading 
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CODE DIVISION MULTIPLEX SYSTEM 



This invention relates to a code division mul- 
tiplex system particularly suited for use in a spread 
spectrum communication system. 

Code division multiplexing in spread spectrum 
communication systems is well known. In a spread 
spectrum communication system, a spreading 
code, sequence is used to disperse the energy 
content of an original input data signal in the fre- 
quency spectrum. The individual bits of the spread- 
ing code sequence are called chips. In order to 
transmit each data bit in a spread spectrum com- 
munication system, each individual data bit is first 
multiplied by the spreading code sequence in an 
exclusive OR gate. In a typical system, for a data 
bit of zero, the spreading code sequence itself is 
transmitted; while for a data bit of one, the inverse 
of the spreading code sequence is transmitted. 

At the receiver, the spreading code sequence 
is detected by correlating the received spread 
spectrum signal with knowledge of the original 
spreading code sequence which was used at the 
transmitter. One method of and apparatus for en- 
coding transmitted data and correlating received 
data in a spread spectrum system can be found in 
a co-pending patent application entitled 
"DIFFERENTIAL CORRELATOR FOR SPREAD 
SPECTRUM COMMUNICATION SYSTEM", serial 
number 271,614, filed September 15, 1988 and 
assigned to the same assignee as the assignee of 
the present invention. 

The object in any multiplex communication 
system (such as a frequency division multiplex 
system or a time division multiplex system, as well 
as a code division multiplex system), is to provide 
for independent communication paths between in- 
dividual devices without interference to neighboring 
devices, i.e., to establish distinct channels of com- 
munication without mutual interference. 

Code division multiplex, or CDM, is a method 
for establishing such different distinct channels in a 
spread spectrum communication system. In a CDM 
communication system, different spreading code 
sequences are used to distinguish the different 
data communication channels. Each spread spec- 
trum receiver correlates the received signal with a 
particular spreading code sequence, thereby estab- 
lishing independent channels of communication, 
one channel for each distinct spread spectrum 
spreading code sequence used. 

The present invention provides a code division 
multiplex system in which a plurality of commu- 
nication channels are created at the transmitter 
encoder by selecting one of a plurality of different 
length spreading code sequences. At the receiver 
correlator, each of the separate spread spectrum 



communication channels are distinguished and de- 
tected substantially on the basis of the length of 
the received spreading code sequence. 

The present invention can be embodied in a 
5 differential encoder wherein a spreading code se- 
quence of a given fixed length is selected from a 
plurality of spreading code sequences which have 
respective distinct lengths. The selected spreading 
code sequence is then differentially encoded in 
to accordance with the input data. That is, each chip 
of the selected spreading code sequence is in- 
verted, or not inverted, in accordance with the input 
data, relative to the spreading code sequence a 
fixed time delay previously, which fixed time delay 
i5 is also selectable at the encoder, and is set sub- 
stantially equal to the length of the selected 
spreading code sequence. * 

The present invention is further embodied in a 
spread spectrum receiver in which each received 
20 chip is compared with a chip received a selectable 
fixed time delay previously, which time delay is set 
to be substantially equal to the length of the de- 
sired selected spreading code sequence. If the 
present received chip and the previously received 
25 chip (at the selected fixed time delay previously) 
.are equal, then the received data is a logic 0. If the 
present received chip and the previously received 
chip are not equal, then received data is a logic 1 . 
Since the length of the spreading code se- 
30 quence selected in the encoder is substantially 
equal to the time delay selected in the receiver 
■ correlator, the data is recovered. For those receiv- 
ers wherein the selected time delay does not 
match the length selected spreading code se- 
35 quence in the encoder, the receiver correlator will 
produce an uncorrelated noise like output. How- 
ever, the extent of code division multiplex de- 
scrimination depends on the cross correlation prop- 
erties or the chosen plurality of spreading code 
40 sequences. 

The invention is further described below, by 
way of example, with reference to the accompany- 
ing drawings, in which: 

Figure 1 is a topological map of plurality of 
45 local area networks in accordance with the present 
invention arranged in a plurality of cells, 

Figure 2 is a block diagram of a spread 
spectrum receiver and a spread spectrum transmit- 
ter in accordance with the present invention, 
so Figure 3 is a schematic diagram, partially in 

block form, of a spread spectrum correlator in 
accordance with the present invention. 

Figure 1 illustrates the general situation pre- 
sented in a multiplexed data communication envi- 
ronment. In a given area 10. it is desired to provide 
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... for mcret than one non-interfering communication 
channel. 

Specifically, a given area 10 may be divided 
into four cells each containing separate local area 
networks, i.e., LAN 1. LAN 2, LAN 3, and LAN 4. 
Within each of the four respective LAN cells, a 
separate data communication channel is used to 
communicate between local devices within each 
LAN cell. That is, printers, file servers and the like 
are shared by individual computers and computer 
terminals within a LAN cell. However, it is desired 
that there be no interference with neighboring 
LANs using separate data communication channels 
in adjacent cells. 

In a CDM spread spectrum communication 
system, each of LAN 1. LAN 2, LAN 3, and LAN 4 
typically uses a different spreading code sequence 
length so that the four LANs can coexist in an area 
10 simultaneously using the same portion of the 
frequency spectrum without adjacent channel inter- 
ference. In order to create the separate channels, 
LAN 1 uses a first spreading code sequence length 
while LAN 2, LAN 3, and LAN 4 each use respec- 
tive different 2nd, 3rd, and 4th spreading code 
sequence lengths. The topological pattern of the 
four cells is repeated in adjacent areas so that the 
minimum distance between cells using the same 
spreading code sequence length is two. 

A spread spectrum communication system us- 
ing selectable length spreading code sequences in 
accordance with the present invention is shown in 
figure 2. 

Data input at terminal 20 is applied to spread 
spectrum encoder 22 which is in turn input to PSK 
modulator and RF transmitter 24. The output of the 
RF transmitter is applied to transmitter antenna 26. 
After transmission through a suitable medium and 
reception by receiving antenna 28, the signal is 
applied to RF receiver and PSK demodulator 30. 
The output of the PSK demodulator is applied to a 
spread spectrum correlator 32 to recover the origi- 
nal data at output terminal 34. 

The length of the spreading code sequence 
utilized in the transmitter spread spectrum encoder 
22 is set by a transmitter sequence length select 
switch 23 (shown symbolically as a rotary switch) 
which places an enabling signal on one of four 
sequence length select lines 36, 38, 40, or 42 
connected to spread sprectrum encoder 22. Simi- 
larly, at the receiver the length of the spreading 
code sequence utilized by the receiver spread 
spectrum correlator 32 is set by a receiver se- 
quence length select switch 31 (also shown sym- 
bolically as a rotary switch) which places an en- 
abling signal on one'of four sequence length select 
lines 44, 46, 48, or 50 connected to spread spec- 
trum correlator 32. 

In operation, one of four different spreading 
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- code sequence lengths in the transmitter is se- 
lected by setting the transmitter sequence length 
select switch 23 to one of its four different settings. 
In the receiver, one of four different spreading code 

s sequence lengths is selected by setting receiver 
sequence lengths select switch 31 to one of its four 
different settings. 

If the transmitter portion and receiver portion of 
figure 2 are in the same LAN cell, and are intended 

w to communicate over a common data channel, then 
the length of the selected spreading code se- 
quence in the transmitter is set equal to the length 
of the selected spreading code sequence in the 
receiver. On the other hand, if the receiver portion 

is of figure 2 is intended to operate in a different LAN 
cell without interference from the transmitter in the 
first LAN cell, then the length of the spreading 
code sequence selected in the receiver is not 
equal to the length of the spreading code sequence 

20 selected in the transmitter. 

In such manner, all of the spread spectrum 
encoders and spread spectrum "correlators utilized 
within LAN 1 are adjusted to use a spreading code 
sequence of a first length, while all of the respec- 

25 tive spread spectrum encoders and spread spec; 
trum correlators in adjacent LAN cells 2, 3, and 4, 
are selected to use respective spreading code se- 
quences of a second, third, and fourth length. 

Figure 3 shows a transmitter encoder in accor- 

30 dance with the present invention which may be 
used to generate a spread spectrum signal having 
a selectable length spreading code sequence. The 
transmitter encoder includes a differential encoder 
portion and a selectable length spreading code 

35 sequence generator portion. 

The differential encoder portion comprises a 
multiple tap shift register 70, a 4 to 1 multiplexer 
72, exclusive OR gate 66, and exclusive OR gate 
68. Multiplexer 72 is connected for selecting one of 

40 the four multiple taps, or output stages, of shift 
register 70 on one of four conductors 82, 84, 86, or 
88, respectively in accordance with a transmitter 
sequence length select signal input on input data 
buss 56. 

45 Input data bus 56 is a two bit data buss which 

controls multiplexer 72 so as to select one of the 
four multiple taps of shift register 70 as one input 
to exclusive OR gate 66. Thus, multiplexer 72 is 
responsive to the transmitter sequence length se- 

50 lect signal on input data buss 56 to control the 
effective length of shift register 70. the output of 
which is input to exclusive OR gate 66. The output 
of exclusive OR gate 66 is connected to one input 
of exclusive OR gate 68 and is also connected in a 

55 feedback configuration to the data input terminal of 
shift register 70. The transmitter chip clock on 
terminal 54 is connected to the clock input of shift 
register 70. 

3 
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The selectable length spreading sequence gen- 
erator portion of figure 3 comprises a multiple tap 
shift register 74, a 4 to 1 multiplexer 80, a 2 to 1 
multiplexer 76, and a 2 to 1 multiplexer 78. A shift 
register run/load signal on terminal 58 is connected 
to the control terminals of the multiplexers 76 and 
78. Multiplexer 80 is connected for selecting one of 
the four multiple taps, or output stages, of shift 
register 74 on one of four conductors 90, 92, 94, or 
96, respectively in accordance with the transmitter 
sequence length select signal on input data buss 
56. described above. Thus, multiplexer 80 is re- 
sponsive to the same transmitter sequence length 
select signal on. input data buss 56 as is mul- 
tiplexer 72 so as to control the effective length of 
shift register 74 to be equal to the effective length 
of shift register 70. The output of multiplexer 80 is 
connected to one input of multiplexer 78, the out- 
put of which is connected to the data input of shift 
register 74, thereby providing a data path to recir- 
culate the data in shift register 74 through mul- 
tiplexers 80 and 78. 

In operation, there is an initializing mode during 
which a spreading code sequence is loaded into 
shift register 74, followed by a run mode during 
which the previously loaded spreading code se- 
quence is recirculated in shift register 74. The 
selected transmitter spreading code sequence on 
terminal 60 is serially loaded into shift register 74 
through multiplexer 78. During the initializing mode, 
the shift register run/load signal on terminal 58 
conditions multiplexer 76 to connect the load clock 
signal on terminal 62 to the clock input of shift 
register 74. The transmitter spreading sequence 
thus loaded into shift register 74 is the' selected 
spreading code sequence which will be used in the 
transmitter encoder, and may be provided from a 
suitable digital memory (not shown) which contains 
the plurality of the spreading codes sequences to 
be used in the present code division multiplexing 
system. 

After sufficient load clock pulses have elapsed 
to load the selected spreading sequence into shift 
register 74, the run mode is entered. The shift 
register run/load signal on terminal 58 then con- 
ditions multiplexer 76 to connect the transmitter 
chip clock signal on terminal 64 to the clock input 
of shift register 74. At the same time, the shift 
register run/load signal on terminal 58 conditions 
multiplexer 78 to connect the output of multiplexer 
80 on conductor 81 to the data input terminal of 
shift register 74. Thus, the transmitter spreading 
sequence previously loaded into shift register 74 
will now recirculate from the selected output tap of 
shift register 74 to the data input terminal of shift 
register 74. The resulting signal on conductor 81 is 
the repeating selectable length spreading code se- 
quence which will be used to generate the output 
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spread spectrum signal at terminal 69. 

The intended purpose of the differential en- 
coder portion of figure 3 is to invert, or not invert, 
the polarity of each chip of the selected spreading 
5 code sequence, relative to the polarity of the cor- 
responding chip of the selected spreading code 
sequence a selected fixed time delay previously, in 
accordance with the value of the input data. Spe- 
cifically, if the transmitter input data signal on ter- 

w minal 52 is a logic 1, the polarity of the current 
chip of the selected spreading code sequence at 
output terminal 69 relative to the polarity of the 
selected spreading code sequence a selected fixed 
time delay previously, will be inverted; if the trans- 

15 mitter input data signal is a 0, the encoder of figure 
3 will not invert the polarity of the present chip of 
the selected spreading code sequence, relative to 
the polarity of the selected spreading code se- 
quence a fixed time delay previously, at output 

20 terminal 69. 

Exclusive OR gate 68 functions as a program- 
mable inverter to invert or not invert each chip of 
the selected spreading code sequence on conduc- 
tor 81 depending upon the value of an inversion 

25 control logic signal on conductor 67. Thus, if the 
signal on conductor 67 is a logic 1, the present 
chip of the selected spreading code sequence on 
conductor 81 is inverted at the output of exclusive 
OR gate 68 on terminal 69 . Conversely, if the 

30 signal on conductor 67 is a logic 0, the present 
chip of the selected spreading code sequence on 
conductor 81 is not inverted in exclusive OR gate 
68 at output terminal 69. 

The previous values of the inversion control 

35 signal on conductor 67 are recorded in shift regis- 
ter 70 so that a previous inversion control signal, 
specifically at a selectable time delay previously, is 
input to exclusive OR gate 66 at the output of 
multiplexer 72. If the transmitter data input signal at 

40 terminal 52 is a logic 1 , then exclusive OR gate 66 
inverts the previous inversion control signal to form 
the present inversion control signal at conductor 
67, while if the transmitter data input signal at 
terminal 52 is a logic 0, exclusive OR gate 66 does 

45 not invert the previous inversion control signal 
stored in shift register 70 to form the present 
inversion control signal at conductor 67. 

More specifically, if the previous chip (meaning 
the corresponding chip of the previous cycle of the 

so selected spreading code sequence at output termi- 
nal 69) was inverted and the transmitted data input 
is a logic 1 . then present chip is not inverted. If the 
previous chip was not inverted and the transmitted 
data input is a logic 1, then the present chip at 

55 output terminal 69 is inverted. If the previous chip 
was inverted, and the transmitted data input is a 
logic 0, then the present chip is also inverted. If the 
previous chip was not inverted, and the transmitted 

4 
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». 'data input is a logic 0, then the present chip is also 
not inverted, in such manner, the selected spread- 
ing code sequence is differentially encoded at out- 
put terminal 69 in accordance with the transmitter 
input data at terminal 52. 

Each of the selectable spreading code se- 
quences has unique length which correspond to 
the selectable lengths of shift registers 70 and 74. 
As a specific example, in the transmitter encoder of 
figure 3, shift registers 70 and 74 may be 18 bit 
shift registers. The selectable taps 82. 84, 86, and 
88 of shift register 70 and the selectable taps 90, 
92, 94, and 96 of shift register 74 may correspond 
to selectable fixed time delays or selectable length 
spreading code sequences of 14, 15, 17 or 18 
chips respectively. In such manner, a spreading 
code sequence of 14, 15, 17, or 18 chips is se- 
lected. The input data in all cases, may be fixed at 
16 chips per data bit. 

A receiver correlator for recovering the data 
from a spread spectrum signal encoded in accor- 
dance with a selectable length spreading code se- 
quence, is shown in figure 4. The correlator com- 
prises a multiple tap shift register 104, a 4 to 1 
multiplexer 108, and an exclusive OR gate 106. 
Multiplexer 108 is connected for selecting one of 
the four output stages of shift register 70 on con- 
ductors 11.0, 1 12, 1 14, or 1 16 for input to one input 
terminal of exclusive OR gate 106. Multiplexer 108 
is responsive to a receiver sequence length select 
signal input on data buss 102. The two bit input at 
data buss 102 conditions multiplexer 108 to select 
one of the plural output stages of shift register 104, 
thereby effectively controlling the total delay pro- 
vided by shift register 104. 

The receiver chip clock at terminal 101 is con- 
• nected to the clock input of shift register 104. 
Methods for recovering the receiver chip clock 
signal from the received spread spectrum signal 
are well known to those skilled in the art and form 
no part of the present invention. 

In operation, the shift register 104 stores the 
individual received chips of the spread spectrum 
signal received on terminal 100. The delay pro- 
vided by shift register 104 and multiplexer 108, 
responsive to the receiver sequence length signal 
on data buss 102, is set equal to the length of the 
desired selected spreading code sequence. For 
example, if it is desired to receive data from an 
encoder using a 14 chip spreading code sequence, 
multiplexer 108 is set to select conductor 110 at 
the output tap of shift register 104 corresponding to 
14 stages. Similarly, output taps for 15, 17, and 18 
chips are provided at conductors 112, 114, and 
116, respectively. 

The output of multiplexer 108 on conductor 
109 is thus the corresponding chip of the previous 
spreading code sequence. Now, exclusive OR gate 
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* 106 compares each received chip of the presently 
received spreading code sequence with a corre- 
sponding chip of the previously received spreading 
code sequence. Either the presently received chip 

s of the spreading code sequence is the same as the 
previously received chip of the previously received 
sequence, in which case the received data is a 
logic 0, or it is the opposite of such previously 
received chip, in which case the received data is a 

to logic 1. 

In either event, the output of exclusive OR gate 
106 at receiver data output terminal 118. will be a 
series of comparisons, one comparison for each 
chip with a corresponding chip of the previously 

75 received spreading code sequence, the total num- 
ber of comparisons being equal to the total number 
of chips per data bit. 

Following the output of the data correlator of 
figure 4, is a majority vote logic (not shown) in 

20 order to determine whether the received data bit is 
a 1 or a 0. Under ideal conditions, all of the output 
chip comparisons of over one data bit interval from 
exclusive OR gate 106 will be of the same polarity. 
In the presence of noise, some of them will be in 

25 error. However, by a majority vote of the output 
chips at terminal 118, improved communications 
reliability is achieved. In the present example, it is 
noted that the number of chips per data bit is 
always 16, even for different spreading code se- 

30 quence lengths, which simplifies system design 
and assures relatively uniform system performance 
parameters regardless of the chosen spreading 
code sequence length. 

If the spreading code sequence used to en- 

35 code the received spread spectrum signal on ter- 
minal 100 is of a different length than the length 
selected by shift register 104 and multiplexer 108, 
then the receiver data output at terminal 118 will 
resemble an uncorrleated noise like signal. There- 

40 fore, the correlator of figure 4 is responsive primar- 
ily to the length of the received spreading code 
sequence. Signals encoded with a spreading code 
sequence of a different length, relative to the selec- 
table delay provided by shift register 1 04 and mul- 

45 tiplexer 108, will be ignored. 

Although it is only necessary that the plurality 
of spreading code sequences used in the code 
division multiplex system of the present invention 
differ only in the length of the respective spreading 

so code sequences, it is preferable to use spreading 
code sequences having low cross correlation prop- 
erties, as well as different lengths, in order to 
improve system channel discrimination between 
the different length spreading code sequences. 

55 Also, it is understood that the shift registers 70, 74, 
and 104 used in the described embodiment may 
be replaced with any other delay element providing 
a selectable time delay. 

5 
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Thus, a-simple economical data correlator and 
data encoder using selectable length spreading 
code sequences for code division multiplexing has 
been described for use and conjunction with a 
spread spectrum communication system. 

Claims 

1. A method of communicating an input data 
signal between a transmitter and a receiver in a 
spread spectrum code division multiplex system, 
the method comprising the steps of: 

selecting a transmitter spread spectrum spreading 
code sequence of a given length at the transmitter; 
generating the transmitter spread spectrum spread- 
ing code sequence of the selected given length; 
differentially encoding the spread spectrum spread- 
ing code sequence in accordance with the input 
data signal; 

transmitting the differentially encoded spread spec- 
trum spreading code sequence as a spread spec- 
trum signal; and 

at the receiver, receiving the differentially encoded 
spread spectrum spreading code sequence; 
selecting a given length of a receiver spread spec- 
trum spreading code sequence; and 
differentially correlating the received spread spec- 
trum signal with the selected given length of the 
receiver spread spectrum spreading code se- 
quence to recover the input data signal. 

2. A method of encoding an input data signal in 
a code division multiplex spread spectrum system, 
the method comprising the steps of: 

selecting one of a plurality of spread spectrum 
spreading code sequences, each sequence having 
a distinct unique length; 

generating the selected spread spectrum spreading 
code sequence; and 

combining the generated spread spectrum spread- 
ing code sequence with the input data signal to 
form the spread spectrum signal. 

3. A method as claimed in claim 2 wherein the 
combining step comprises differentially encoding 
the selected spread spectrum spreading code se- 
quence in accordance with the input data signal. 

4. A method as claimed in claim 3 wherein the 
differentially encoding step comprises the steps of; 
inverting the polarity of the generated spread spec- 
trum spreading code sequence relative to the po- 
larity of the spread spectrum spreading code se- 
quence a fixed time delay previously, if the present 
input data signal is a first logic level, and not 
inverting the polarity of the generated spread spec- 
trum spreading code sequence, relative to the po- 
larity of the generated spread spectrum spreading 
code sequence the fixed time delay previously, if 
the present input data signal is a second logic 
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level, the fixed time delay being substantially equal 
to the length of the selected spread spectrum 
spreading code sequence. 

5. A method as claimed in claim 4 comprising 
5 generating a present inversion control signal for 

controlling the inversion of a chip of the generated 
spread spectrum spreading code sequence by the 
steps of: 

storing at least some portion of the previous inver- 
10 sion control signal in a delay memory; 

selecting the delay provided by the delay memory 
to be substantially equal to the length of the se- 
lected spread spectrum spreading code sequence; 
and 

is calculating the exclusive OR of the present input 
data signal and the previous inversion control sig- 
nal stored in the delay memory to form the present 
inversion control signal. 

6. A method of correlating a data signal in a 
20 code division multiplex spread spectrum commu- 
nication system including a spread spectrum signal 
having a selected spread spectrum spreading code 
sequence differentially encoded in accordance with 
the input data signal, the method comprising: 

25 selecting a time delay substantially equal to the 
length of the selected spread spectrum spreading 
code sequence; 

determining whether the presently received chip of 
the spread spectrum signal and a previously re- 
30 ceived chip of the spread spectrum signal, the 
selected time delay previously, are substantially 
equal; 

providing a first output signal indication when the 
chip of the presently received spread spectrum 
35 signal and the chip of the previously received 
spread spectrum signal are substantially not equal; 
and 

providing a second output signal indication when 
the presently received chip of the spread spectrum 
40 signal and the previously received chip of the 
spread spectrum signal are substantially not equal. 

7. A method as claimed in claim 6 wherein the 
determining step comprises; 

storing at least one chip of the previously received 
45 spread spectrum signal in a delay memory; 

selecting the delay provided by the delay memory 
to be substantially equal to the length of the se- 
lected spread spectrum spreading code sequence; 
and 

so calculating the exclusive OR of the chip of the 
presently received spread spectrum signal, and the 
stored previous chip of the previously received 
spread spectrum signal. 

8. A code division multiplex spread spectrum 
55 communication system for communicating an input 

data signal between a transmitter and a receiver, 
the system comprising: 

means (23) for selecting a transmitter spread spec- 

6 
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* triim spreading code sequence of a given length; 
means for generating the transmitter spread spec- 
trum spreading code sequence of the given length; 
means (22) for differentially encoding the spread 
spectrum spreading code sequence in accordance 
with the input data signal; 

means (24, 26) for transmitting the differentially 
encoded spread spectrum spreading code se- 
quence as a spread spectrum signal; 
means (28, 30) for receiving the spread spectrum 
signal including the differentially encoded spread 
spectrum spreading code sequence; 
means (31), at the receiver, for selecting a given 
length of a receiver spread spectrum spreading 
code sequence; and 

means (32) for differentially correlating the received 
spread spectrum signal with the selected given 
length of the receiver spread spectrum spreading 
code sequence to recover the input data signal. 

9. A differential spread spectrum data encoder 
for use in a code division multiplex spread spec- 
trum system having a plurality of selectable length 
spread spectrum spreading code sequences, the 
encoder comprising; 

an encoder input terminal (52) for receiving an 
input data signal; 
an encoder output terminal (69); 
means for selecting a spread spectrum spreading 
code sequence of a given length from the plurality 
of spread spectrum spreading code sequences; 
means (74, 76, 78, 80) for generating the selected 
spread spectrum spreading code sequence; 
differential encoding means (66. 68, 70, 72) re- 
sponsive to the spectrum spreading code generat- 
ing means, and the input data signal at the input 
terminal, for providing a spread spectrum signal at 
the output terminal; 

the differential encoding means including means 
for inverting the polarity of the selected spread 
spectrum spreading code sequence, relative to the 
polarity of the spread spectrum spreading code 
sequence a fixed time delay previously at the out- 
put terminal, if the present input data signal is a 
first logic level, and means for not inverting the 
polarity of the selected spread spectrum spreading 
code sequence, relative to the polarity of the se- 
lected spread spectrum spreading code sequence 
the fixed time delay previously at the output termi- 
nal, if the present input data signal is a second 
logic level. 

10. An encoder as claimed in claim 9 wherein 
the means for generating the selected spread 
spectrum spreading code sequence comprises: 

a delay memory means (74) having a selectable 
delay length, and respective input and output ter- 
minals; and 

means coupling the output terminal of the delay 
memory means to the input terminal of the delay 
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• memory means. 

1 1 . An encoder as claimed in claim 10 wherein 
the means for selecting a spread spectrum spread- 
ing code sequence of a given length comprises 

5 means for loading the delay memory means (74) 
with the selected spread spectrum spreading code 
sequence. 

12. A differential spread spectrum data en- 
coder for use in a code division multiplex spread 

/o spectrum system having a plurality of selectable 
length spread spectrum spreading code se- 
quences, the encoder comprising: 
an encoder input terminal (52) for receiving an 
input data signal; 

75 an encoder output terminal (69); 

a first exclusive OR gate (66) having first and 
second input terminals and an output terminal, the 
first input terminal being coupled to the encoder 
input terminal (52); 

20 selectable delay memory means (70, 72) having a 
memory means input terminal and a memory 
means output terminal, the memory means input 
terminal being connected to the output terminal of 
the first exclusive OR gate and the output memory 

25 means output terminal being connected to the sec- 
ond input terminal of the first exclusive OR gate, 
a second exclusive OR gate (68) having respective 
first and second input terminals and a respective 
output terminal; 

30 means coupling the first input terminal of the sec- 
ond exclusive OR gate to the output terminal of the 
first exclusive OR gate (66); 

means for selecting a spread spectrum spreading 
code sequence of a given length from the plurality 

as of spread spectrum spreading code sequences; 

means for generating the selected spread spec- 
trum spreading code sequence; 
means coupling the second input terminal of the 
second exclusive OR gate (68) to the output of the 

40 selected spread spectrum spreading code se- 
quence generator means; and 
means coupling the output terminal of the second 
exclusive OR gate to the encoder output terminal 
(69). 

45 13. An encoder as claimed in claim 12 wherein 

the selectable delay memory means comprises a 
shift register (70) having an input terminal and a 
plurality of output terminal taps, and a plural input 
to single output multiplexer (72), the plural output 

so taps of the shift register being connected to re- 
spective ones of the plural inputs of the multi- 
plexer. 

14. A data correlator for use in a code division 
multiplex spread spectrum communication system 
55 including a spread spectrum signal having a selec- 
table length spread spectrum spreading code se- 
quence differentially encoded in accordance with 
an input data signal, the data correlator comprising: 

7 
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an input terminal (100) for receiving said spectrum 
signal; 

an output terminal (118); 

a selectable time delay means (104) connected to 
the input terminal; 5 
differential decoding means (106) coupled to the 
input terminal (100) for determining whether the 
presently received chip of the presently spread 
spectrum spreading code sequence at the input 
terminal and a previously received chip of a pre- w 
viously received spread spectrum spreading code 
sequence the selectable time delay previously, are 
substantially equal; 

the differential decoding means providing a first 
logic level output at the output terminal (118) when 75 
the present chip of the presently received spread 
spectrum spreading code sequence and the pre- 
vious chip of the previously received spread spec- 
trum spreading code sequence the selectable time 
delay previously, are substantially equal, and a 20 
second logic level output at the output terminal 
when the present chip of the presently received 
spread spectrum spreading code sequence and the 
previous chip of the previously received spread 
spectrum spreading code sequence the selectable 25 
time delay previously are substantially not equal. 

15. A data correlator for use in a code division 
multiplex spread spectrum communication system 
including a spread spectrum signal having a selec- 
table spread spectrum spreading code sequence 30 
differentially endoded in accordance with an input 
data signal, the data correlator comprising: 

a correlator input terminal (100) for receiving the 
spread spectrum signal; 

an exclusive OR gate (106) having first and second 35 
input terminals and an output terminal, the cor- 
relator input terminal (100) being coupled to the 
first input terminal of the exclusive OR gate; 
selectable delay memory means (104, 108) having 
input and output terminals, said input terminal of 40 
the selectable delay memory means being coupled 
to the correlator input terminal (100), the output 
terminal of the selectable delay memory means 
being coupled to the second input terminal of the 
exclusive OR gate (106); and 45 
a correlator output terminal (118) coupled to the 
output terminal of the exclusive OR gate. 

16. A data correlator as claimed in claim 15 
wherein the selectable delay memory means com- 
prises a shift register (104) having an input terminal 50 
and plurality of output terminal taps, and a plural 
input to single output multiplexer (108), the plurality 

of output taps of the shift register (104) being 
connected to respective ones of the plurality of 
input terminals of the multiplexer. 55 
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0 Code division multiplex system. 



0 A code division multiplex system for use in a 
spread spectrum communication system utilizes 
selectable length spread spectrum spreading code 
sequences. At the encoder (22), one of a plurality of 
a spread spectrum spreading code sequences hav- 
ing a given fixed length is selected for differential 
encoding in accordance with the input data to be 



transmitted. At the receiver correlator (30-32), a 
selectable length differential decoder is set to be 
responsive to a spread spectrum spreading code 
sequence having a length substantially equal to the 
length of the encoded spread spectrum spreading 
code sequence. 
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